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A B S T R ACT
Detrital zircons separated from the Ordovician Armorican quartzite in the foreland of the Variscan belt of Iberia were
dated by laser ablation inductively coupled plasma mass spectrometry. The age groups found correspond to Proterozoic
and Archean crust formation events. The Proterozoic events reﬂected by zircon ages are Avalonian-Cadomian-Pan-
African (550–800 Ma), Grenvillean-Sunsas (900–1300 Ma), and Eburnian-Transamazonian-Icartian (1800–2200 Ma).
Archean zircon ages are comprised between 2500 and 2800 Ma (Central-Amazonian-Liberian events). The presence
of Mesoproterozoic (Grenvillean) zircons in the Armorican quartzite, which was deposited in a shallow platform
bordering the NW African craton (north Gondwana margin), suggests that the NW Iberian terrane drifted from the
South American margin, where it was located during the Neoproterozoic, toward Africa. The drift of the Iberian
block, likely achieved via transform faults, was arrested by its docking and amalgamation with the peri–NW African
Neoproterozoic terranes, resulting in the birth of the Paleozoic Armorica Terrane Assemblage.
Introduction
The history of the earth’s crust can be regarded as
a continuous process of dispersal and accretion of
crustal fragments and concomitant creation, de-
struction, and recycling of crustal material. Most
orogenic belts result from the tectonic amalgam-
ation of terranes or lithospheric fragments of as-
sorted provenance, which often contain informa-
tion relating to their original setting and to
subsequent events of dispersal and/or accretion.
Therefore, geological investigations of orogenic
belts include identiﬁcation of individual crustal
components and deduction of the tectonic evolu-
tion prior to and during their accretion.
The late Paleozoic Variscan collision belt in
western Europe involves a number of crustal blocks
with Precambrian basement that originally formed
part of the Neoproterozoic peri-Gondwanan assem-
blage of terranes that made up the Cadomian-
Avalonian arc (e.g., Nance and Murphy 1996; Un-
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rug 1997). These crustal blocks were developed on
ancient cratonic basement (including interior col-
lisional orogens of supercontinent assembly),
whose nature varied along the northern Gond-
wanan margin. Combined U-Pb and Nd isotopic
studies have allowed the distinction of two main
signatures in these terranes: terranes with a NW
African craton afﬁnity and terranes with South
America craton afﬁnities. The main difference be-
tween the two terrane types is the presence of
Mesoproterozoic zircons (ca. 1600–1000 Ma) in the
latter, often coupledwith higher whole-rock eNd val-
ues (e.g., Kro¨ner et al. 1988; Mueller et al. 1994;
Nance and Murphy 1996; Keppie et al. 1998; Miller
et al. 1998; Ferna´ndez-Sua´rez et al. 1999, 2000;
Friedl et al. 2000; Hegner and Kro¨ner 2000; Lin-
nemann et al. 2000). These terranes, formed as a
result of Neoproterozoic subduction and arc con-
struction along the northern Gondwanan margin,
were dispersed as subduction was replaced by the
transform/extensional activity that caused the
breakup of the supercontinent margins and the
birth of the Rheic Ocean (Murphy and Nance 1989;
Murphy et al. 2000). Paleomagnetic, faunal, and
geological evidence indicate that this ocean sepa-
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rated two terrane assemblages formed by dismem-
bered fragments of the Avalonian-Cadomian belt:
(1) Avalonia, formed by present-day Nova Scotia,
Avalon Peninsula of Newfoundland, coastal New
England, New Brunswick, and Carolina-Swanee in
North America and the southern part of the British
Isles, the Ardennes, and the Rheno-Hercynian zone
of Germany in western Europe, and (2) Armorica,
formed by the French ArmoricanMassif, Iberia, and
the Saxothuringian and Moldanubian zones of
central Europe. Western European terranes with
Cadomian-Avalonian basement are presently con-
tained within the Variscan and Alpine fold belts.
This contribution attempts to constrain the early
Paleozoic paleogeographic and paleotectonic sce-
narios along the periphery of Gondwana based on
the study of age populations of detrital zircons in
the Ordovician Armorican quartzite of NW Iberia.
Because of its age, lateral extent, stratigraphic po-
sition, and use as a marker, a better understanding
of the Armorican quartzite in western Europe is a
key to unraveling the complex terrane interactions
along the Gondwanan margin. In turn, a better un-
derstanding of the evolution of the northern Gond-
wanan margin is essential to Neoproterozoic and
early Paleozoic terrane reconstructions.
Geologic Setting: The Armorican Quartzite
Paleogeographic reconstructions of southern Eu-
rope and northern Africa for early Paleozoic times
(e.g., McKerrow and Scotese 1990; Paris and Ro-
bardet 1990; Robardet 2000) agree on the presence
of an extensive shallow continental platform close
to the South Pole and bordering the African section
of the Gondwana supercontinent, where the Ar-
morican quartzite was deposited during the Middle
Ordovician (after ca. 465 Ma; Bonjour et al. 1988).
In present-day exposures of Gondwanan terranes,
the Armorican quartzite occurs in Iberia, Armori-
can and Bohemian Massifs, Corsica, Turkey, and
several realms of North andWest Africa. Inwestern
Europe, the Armorican quartzite lies unconform-
ably on top of Precambrian and Cambrian rocks
(Sardic unconformity) (Aramburu and Garcı´a Ra-
mos 1988; Brun et al. 1991) and was deposited after
Cambrian–Early Ordovician magmatic activity in
NW Iberia (“Ollo de Sapo” belt and related rocks;
Valverde-Vaquero and Dunning 2000) and in Ar-
morica (Le Corre 1994).
A type locality for these quartzites in NW Iberia
is the core of the Viyazo´n-Reigada syncline (ﬁg. 1).
The Barrios Quartzite Formation (local name for
the Armorican quartzite in the Cantabrian Zone of
NW Iberia) is composed of extremely pure, white
quartzites. The unit is interpreted to have been de-
posited in a braid-plain delta environmentwithma-
rine inﬂuence. The paleocurrent data and facies dis-
tribution indicate that transport occurred from east
to west in present-day coordinates, i.e., from the
core of the Ibero-Armorican arc (ﬁg. 1) toward a
deeper marine environment. Detailed sedimento-
logical data and stratigraphic correlations are given
in Aramburu and Garcı´a Ramos (1993).
Analytical Method for U-Pb Dating
U-Pb dating of individual zircon grains was made
using 266-nm laser ablation inductively coupled
plasma mass spectrometry (ICP-MS) at Memorial
University of Newfoundland. Zircons were sepa-
rated using conventional heavy mineral separation
techniques and were selected (by handpicking) to
represent all types found in the sample in terms of
size, shape, and other salient morphological fea-
tures. Zircons were subsequently set in synthetic
resin mounts and were polished. Cathodolumi-
nescence (CL) and back-scattered electron (BSE) im-
aging was performed to ensure that analyses did
not straddle different domains, as indicated by the
BSE or CL structure. Spot analyses !50 mm in di-
ameter were always performed on homogeneous
CL and BSE domains to ensure that measured U-
Pb ratios did not represent mixtures of two or more
age components. Discordant analyses were dis-
carded when matching concordant U-Pb ages were
not obtained. Analytical facilities are those de-
scribed in Jackson et al. (1997) and Ferna´ndez-
Sua´rez et al. (2000), but the analytical method dif-
fers from the above in that a solution containing
known amounts of Tl and 235U was used for cali-
bration instead of external calibration to a zircon
standard. The solution is nebulized in the sample
chamber simultaneouswith ablation. A description
of the overall methodology is given in Horn et al.
(2000).
U-Pb Ages of Detrital Zircons
A total of 90 analyses were performed on single
grains, and the results are shown in the concordia
diagrams of ﬁgure 2 and the histogram of ﬁgure 3.
The concordia diagrams report only analyses !10%
discordant, whereas the histogram of ﬁgure 3 in-
cludes 43 analyses with discordance between 10%
and 25%.
Zircons can be divided into three main types (ﬁg.
4) on the basis of morphology and internal zoning.
Type 1 zircons, the most abundant (inset in ﬁg. 3),
are clear, elongated subfaceted crystals. They can
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Figure 2. Concordia plots of U-Pb analytical data. El-
lipses represent 2j uncertainties. The lower plot is an
enlargement of the youngest section of the concordia rep-
resented in the upper plot.
Figure 3. Histogram of U-Pb ages. The plot has been
constructed using the best age estimate and error for each
analysis (concordia ages and errors as deﬁned by Ludwig
1998 for concordant analyses and 207Pb/206Pb ages for dis-
cordant analyses). Inset represents the relative abundance
of morphological types.
be further subdivided into 1a, 1b, and 1c subcate-
gories with increasing degree of roundness. Inter-
nally, type 1a grains display simple oscillatory zon-
ing, whereas types 1b and 1c commonly display
inherited cores. Type 2 zircons are larger, subhedral,
and more strongly colored. These grains are often
fragmented. Internal structures are more complex
with grains displaying both oscillatory zones (type
2a) and complex zonation, indicative of crystal re-
sorption (type 2b). The sample also contained
rounded, red-brown-colored crystals (type 3), which
are less abundant.
The U-Pb ages indicate a predominance of zir-
cons in the age range 550–800 Ma (type 1a, rims of
1b and 1c, and type 2), which corresponds to the
Cadomian-Avalonian-Pan-African events (ca. 32%
of analyses; ﬁgs. 2, 3). The second group in abun-
dance consists of Mesoproterozoic (Grenvillean)
zircons in the age range 900–1300 Ma (ca. 26% of
analyses and present in all morphological types;
ﬁgs. 2, 3), which corresponds to the Early Brasili-
ano, Sunsas, and Oaxacan events in Central and
South America (Hartmann 2001; Keppie et al.
2001). No concordant ages were found in the in-
terval ca. 1300–1800 Ma. 207Pb/206Pb ages from six
discordant grains occur in that range (ﬁg. 3), which
corresponds to Mid-Proterozoic events in the South
American craton (Rondonian and Rio Negro).
Older zircons have Paleoproterozoic ages (1800–
2300 Ma) (12 zircons, ca. 13%; ﬁg. 2, top; ﬁg. 3)
that correspond to events in NW Africa (Eburnian),
Amazonian Craton (Trans-Amazonian), and west-
ern Europe (Icartian) and Archean ages (2.5–2.8 Ga;
ﬁg. 2, top; ﬁg. 3) corresponding to the Liberian (Af-
rica) and Central-Amazonian (South America)
events (16 analyses, ca. 18%). Paleoproterozoic and
Archean zircons were found as cores in types 1 and
2 and in type 3. These Archean zircons are equiv-
alent in age to felsic and maﬁc granulite boulders
collected in the submarine environment off the
northern coast of Spain (Guerrot et al. 1989). The
oldest zircon (type 3; ﬁg. 3) found in this study
yielded a subconcordant age of 3.09 Ga, which may
correspond to the Leonian event in the NWAfrican
craton.
These age groups are similar to those found in
Neoproterozoic and Cambrian rocks of NW Iberia
and other areas of the SW European Variscides (Ge-
bauer et al. 1989; Ferna´ndez-Sua´rez et al. 2000;
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Figure 4. Back-scattered electron images of zircons
from the Armorican Quartzite. Scale bars are 100 mm.
Friedl et al. 2000; Hegner and Kro¨ner 2000; Lin-
nemann et al. 2000) and are roughly coincident
with those reported from West Avalonia (compi-
lation in Nance and Murphy 1996; Keppie et al.
1998). It is also important to note that the relative
amount of Paleoproterozoic and Archean zircons is
signiﬁcantly higher in the Armorican quartzite (ca.
25%–30%) than in Neoproterozoic and Early Cam-
brian greywackes and arkoses from neighboring ar-
eas of NW Iberia (10%–15%; Ferna´ndez-Sua´rez et
al. 2000).
Discussion
This study shows that the Ordovician Armorican
quartzite contains zircons of varied ages (from Ar-
chean to uppermost Neoproterozoic). This range at-
tests to a complex history of recycling, recording
events related to the Cadomian-Avalonian-Pan-
African orogeny in the northern margin of Gond-
wana and cratonic provinces involved in it.
Recent studies (Ferna´ndez-Sua´rez et al. 2000;
Friedl et al. 2000; Hegner and Kro¨ner 2000; Lin-
nemann et al. 2000) provide evidence that indicates
that some of the western European Variscan units
(NW Iberia, Moravo-Silesian unit of the Bohemian
Massif, West Sudetes, and Erzgebirge) previously
considered to have an African afﬁnity appear to
have been situated along the periphery of the South
American craton during Neoproterozoic times (ﬁg.
5A). However, there is faunal, paleomagnetic, and
geologic evidence indicating that in the early Pa-
leozoic these terranes were located on the periph-
ery of NW Africa with other terranes that had
presumably occupied that position since the Neo-
proterozoic (Cadomia, SW Iberia, Saxothuringian,
and Moldanubian zones of central Europe), forming
the so-called Armorica realm (or Armorican Ter-
rane Assemblage) (Tait et al. 1997 and references
therein; Linnemann et al. 2000; Robardet 2000).
The absence of Mesoproterozoic events in the
NW African craton implies that the source for zir-
cons in that age range in the Armorican quartzite
must have been tectonically transferred from a
peri–South American realm. The actual rocks
whose erosion yielded Mesoproterozoic zircons
must belong to the Neoproterozoic-Cambrian Ibe-
ria (and related terranes) and its pre-Neoproterozoic
basement, which contain zircon populations with
South American signatures (Ferna´ndez-Sua´rez et al.
1999, 2000). To reconcile the presence of abundant
Grenvillean zircons in the Armorican quartzite
with its deposition in a NW African realm, it is
necessary to consider a drift of Precambrian-
Cambrian NW Iberia (including pre-Neoprotero-
zoic basement) toward a NW African position.
We suggest that this drift might have occurred
by means of strike-slip activity and concomitant
terrane dispersal initiated along transform faults
during the late Neoproterozoic in a tectonic sce-
nario akin to that proposed by van Staal et al. (1996)
and culminated in a collage of microplates that
were assembled by the Cambrian–Early Ordovician
(ﬁg. 5). Africa-ward migration of NW Iberia (and
presumably other west European peri–South Amer-
ican units) along the transform fault system ended
with the docking of these drifting blocks against
the European terranes that had occupied a peri–NW
African location since the Neoproterozoic. This
docking would represent the assembly (or birth) of
the Armorican plate (ﬁg. 5B) (or Armorican Terrane
Collage as referred to by some authors; e.g., Lin-
nemann et al. 2000 and references therein) and ex-
plains why this unit is constituted by terranes with
a NW African afﬁnity and terranes with a South
American afﬁnity.
The Armorican quartzite was deposited after the
amalgamation of these blocks as indicated by the
age populations of detrital zircons, providing amin-
imum age constraint (ca. 460 Ma) for the docking
between NW Africa– and South America–derived
blocks. The precise tectonic nature of the docking
cannot be reliably ascertained at present, owing to
the effects of the Variscan collision. This crustal
ensemble, formed by microterranes tectonically
placed together in the early Paleozoic (Cambrian–
Early Ordovician), evolved as a single block
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Figure 5. Illustration of the original position of NW Iberia in the Cadomian-Avalonian Arc (A) and its migration
to a peri–NW African location prior to the deposition of the Armorican quartzite.
throughout the rest of the Paleozoic (e.g., Tait et
al. 1997). The tectonic scenario proposed herein im-
plies a change from subduction and transform ac-
tivity parallel to the margin to a passive margin
environment where the Armorican quartzite was
deposited (ﬁg. 5). Although the precise nature and
causes for these processes cannot be ascertained on
the basis of available data, we suggest that oblique
subduction along the margin and diachronous ar-
rest of subduction might have favored the condi-
tions for the onset of transform activity (Ferna´ndez-
Sua´rez et al. 2000). After amalgamation of crustal
fragments via wrench faults, a change in the overall
tectonic regime caused by the onset of extension
roughly perpendicular or at high angle to the mar-
gin gave birth to the Armorican platform, the birth
of the Rheic Ocean, and the migration of Ava-
lonia away from the Gondwanan margin (ﬁg. 5B;
Ferna´ndez-Sua´rez et al. 2000).
Another point of importance is the seeming
abundance of Paleoproterozoic andArchean zircons
in the quartzite, compared to Neoproterozoic and
Cambrian rocks of the same area (Ferna´ndez-Sua´rez
et al. 2000), which is in agreementwith the strongly
negative eNd values in rocks belonging to this for-
mation (at 470 Ma, ; Na¨gler et al. 1995).e ! 11Nd
This suggests that the Armorican quartzite re-
ceived detritus from the newly assembled Armor-
ican realm and a signiﬁcant input from the NW
African craton inland. The abundance of Ava-
lonian-Cadomian-Pan-African zircons reveals that
these terranes, formed by Neoproterozoic subduc-
tion and arc construction in the margin of Gond-
wana, were eroded from the late Neoproterozoic
(Ferna´ndez-Sua´rez et al. 2000) until at least the Or-
dovician. However, part of the dominant 550–800-
Ma population could also have its provenance in
the Trans-Saharan or other interior orogens of the
African craton (e.g., Unrug 1997).
Another issue raised by the zircon ages in the
Armorican quartzite is the seeming absence or pau-
city (if we assume the discordant ages in that in-
terval to be meaningful) of ca. 1300–1800-Ma zir-
cons in NW Iberia compared to other European
terranes with South American signatures (cf.
Ferna´ndez-Sua´rez et al. 2000; Friedl et al. 2000; Lin-
nemann et al. 2000). Zircons of that age are also
absent in Neoproterozoic and Cambrian rocks of
NW Iberia, with the exception of a few highly dis-
cordant analyses (Ferna´ndez-Sua´rez et al. 2000).
Understanding this feature might yield important
paleogeographic information and would require the
linkage of NW Iberia with a realm in which Gren-
villean zircons (broadly 900–1300 Ma) were present
and accessible but did not yield/bear older Meso-
proterozoic zircons such as those found in the Ron-
donian and Rio Negro terranes of South America.
To our knowledge, only the Carolina-Suwanee ter-
rane of eastern North America contains an equiv-
alent zircon age spread (Mueller et al. 1994; Miller
et al. 1998) and was situated in a position that could
have been close to Iberia in a segment of the Gond-
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wana margin that did not receive detritus from
rocks recording the 1300–1800-Ma events in South
America (see Dalziel 1997).
Another salient feature of the Armorican quartz-
ite is the absence of zircons in the age range ca.
520–480 Ma. Zircons in this age cluster are found
in volcanic, volcanosedimentary, and plutonic
rocks formed in relation to the extensional tecton-
ics and lithospheric thinning that caused the
breakup of the Gondwana margin (Murphy et al.
1996; Ferna´ndez-Sua´rez et al. 1999). In NW Iberia,
these rocks are known as “Ollo de Sapo Complex”
and are widely exposed west of the Cantabrian
Zone where the sample was collected. This fact
places a paleogeographic limit to the extent of that
magmatic event toward the core of the Ibero-
Armorican Arc, which in terms of Ordovician
Gondwana margin paleogeography, implies the ab-
sence of this extension-related event toward the
continent.
Conclusions
NW Iberia was amalgamated, together with other
South America–derived crustal blocks, to their
peri–NW African counterparts in Cambrian–Early
Ordovician times. It is proposed that this amalgam-
ation took place via large scale wrench/transform
faulting roughly parallel to the extended margin of
Gondwana. After amalgamation, the Armorican
quartzite was deposited on a Gondwana peripheral
platform postdating the strike-slip transport and
the birth of Armorica. After this, the crustal en-
semble known as “Armorica” evolved as a single
realm throughout the Paleozoic until it was ﬁnally
involved in the Variscan Laurentia-Gondwana col-
lision. A preliminary note of caution is introduced
regarding the possible absence of ca. 1300–1800-Ma
zircons in NW Iberia, which could single out this
terrane in relation to other European Gondwanan
terranes with South American signatures. The pa-
leogeographic implications must be investigated as
they may offer new constraints on the geography
of the northern Gondwanan margin during the
Neoproterozoic–early Paleozoic.
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